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Introduction
The presence of discrete minerals associated with coal-whether (1) detrital or authigenic constituents of the coals or in thin mudstone or siltstone units interbedded with coals, or (2) authigenic phases that formed along cleats-might influence its utilization as an energy resource. The build-up of sintered ash deposits on the surfaces of heat exchangers in coal-fired power plants, due to the alteration of minerals during combustion of the coal (Reid, 1981; Finkelman and Dulong, 1989) , can seriously affect the functioning of the boiler and enhance corrosion of combustion equipment (Honea and others, 1982; Vaninetti and Busch, 1982) . In particular, the presence of sodium in coals has been considered a key factor in the fouling of boilers (Ely and Barnhart, 1963) ; however, other elements (such as calcium or magnesium) and the amount of discrete minerals burned with coal can also play a significant role in the inefficiency of and damage to boilers (Finkelman and Dulong, 1989) .
Previous studies of the quality of coals in the Cretaceous (Campanian) Blackhawk Formation of the Wasatch Plateau, Utah, revealed that the sodium content of the coals varied across the region (Finkelman, 1988 (Finkelman, , 1991 . To better understand the origin and distribution of sodium in these coals, petrologic studies were undertaken within a sedimentological framework to evaluate the timing and geochemical constraints on the emplacement of sodium-bearing minerals, particularly analcime, which previously had been identified in coals in the Blackhawk Formation (Finkelman, 1988 (Finkelman, , 1991 . Further, the study was broadened to include not just coals in the Blackhawk Formation from various localities across the Wasatch Plateau ( fig. 1 ), but also sandstones interbedded with the coals as well as sandstones in the underlying Star Point Sandstone ( fig. 2) . The alteration history of the sandstones in both formations was considered a key component of this study because it records the nature and timing of fluids passing through them and the associated precipitation of sodium-bearing minerals; thus, the alteration history could place constraints on the distribution and timing of sodium mineralization in the interbedded or overlying Blackhawk coals. Although some preliminary results were previously presented at scientific meetings (Turner and others, 1997; Fishman and others, 1999) , the petrologic and geochemical data have not been fully compiled and reported. The purpose of this report is to present the methods of data acquisition and the results of petrologic and isotopic analyses on coal and sandstone samples from the Blackhawk Formation as well as sandstones of the underlying Star Point Sandstone. 
Methods and Results
Petrologic and isotopic studies of the Blackhawk Formation and Star Point Sandstone included (1) petrography using standard and polished thin sections, (2) scanning electron microscopic (SEM) analyses, (3) X-ray diffraction analyses, and (4) carbon and oxygen isotopic determinations on calcite in coal samples and along fractures that cut sandstone samples. Samples for this study were obtained from both outcrops and drill cores. Fifteen outcrop sections were described and measured; they are shown on plate 1 (see table 1 for a listing of outcrop localities, locality abbreviations, and location information). The stratigraphic positions of samples collected for petrologic and geochemical studies are also shown in plate 1. Drill core location information is shown in table 2. Sample numbering is keyed to outcrop locality or the well from which the core was obtained. Herein, the first part of a sample number refers to the outcrop or core abbreviation, and the second part refers to the number designated in the measured section or depth for core samples. Numbers with the designation Kbh refer to samples from the Cretaceous Blackhawk Formation, whereas those designated Ksp are from the Cretaceous Star Point Sandstone. Several samples from the Gentile Wash locality were collected from parasequences in the Blackhawk Formation, and the numbering scheme for those samples also references the specific parasequence from which materials were collected (see plate 1). Petrographic analyses provided data concerning the modal composition of sandstones in the Blackhawk and Star Point, as well as the fundamental relations that facilitated construction of a paragenetic sequence of alterations for the sandstones (fig. 3) . Rock chips used in making thin sections (n = 238) were impregnated with blue epoxy to better observe the quantity and distribution of porosity. The thin sections were stained with (1) alizarin red-S and potassium ferricyanide to assist in carbonate mineral compositional determination (after Dickson, 1966) and (2) sodium cobaltinitrite to identify potassium feldspar. Point counts (300 points/thin section) were performed on representative (n = 38) thin sections of sandstones, and the count data were converted to volume percent (see table 3 ). Paragenetic relations between alteration events in sandstones (see fig. 3 ) were refined through SEM investigations, and the SEM was also used to determine the composition of authigenic minerals. Rock chips of selected samples were coated with gold for SEM viewing and analyses. The SEM was equipped with an energy dispersive analyzer of X-rays, which provided information concerning the elements within the minerals being studied (after Goldstein and others, 1981) . In addition, SEM studies were undertaken on 18 polished thin sections to enhance our understanding of the distribution of elements in detrital and authigenic minerals.
X-ray diffraction (XRD) analysis, using standard XRD techniques with CuK α radiation, was performed on material collected from coal cleats or fractures. Minerals removed from coals of the Blackhawk Formation were from apertures along one of two types of cleats, either face cleats or butt cleats (cleat terminology after Laubach and others, 1998) . Cleats are defined as those fractures approximately normal to bedding and approximately perpendicular to each other. Much of the mineral material used for this study was likely from face cleats, in that these were the cleats that were more prominent and into which the subordinate butt cleats commonly terminated. Minerals were also obtained from fractures that cut across beds, including coals, sandstones, and siltstones. Cleats and fracture surfaces were exposed by pulling rock samples apart, and the minerals present on these surfaces were then removed with a scalpel and tweezers. The minerals that were identified in the cleats and fractures are summarized in table 4. Where sufficient calcite was present along a cleat or fracture, the carbon and oxygen isotopic composition of the calcite was determined. Isotopic determinations were performed on 20 samples of fracture-fill calcite from various localities and 4 samples of authigenic calcite that was present as a cleat-filling mineral. Isotopic measurements were made on the CO 2 that was produced upon reaction with phosphoric acid at 25°C during the first 6 hours. The isotopic data (table 5) are reported using the delta notation (δ 13 C and δ 18 O) referenced to the PDB standard (Belemnitella americana from the Upper Cretaceous Peedee Formation in South Carolina). The carbon and oxygen isotopic data presented in this report were calculated as follows: 
